INTRODUCTION
The use of coherent backscatter radars has been recognized as an important way to monitor atmospheric conditions. In the troposphere and lower stratosphere, the radar backscatter signal depends upon aerosols and water vapor. In the mesosphere, the radar signature depends upon irregularities in the electron concentration. Major efforts have been made in the Federal Republic of Germany and in the United States to measure the properties of the mesosphere using coherent backscatter radar at VHF wavelengths. Since the Mesospheric, Stratospheric and Tropospheric (MST) radar at Poker Flat Research Range, Alaska (PFRR), is so well situated to allow comparison between rocket-borne sensors and the radar the Structure and Atmospheric Turbulence Environment (STATE) experiment [Philbrick et al., 1984] borne dc probes on two Super Arcas rockets during salvos 1 and 3. The vertical spatial structure of mesospheric electron density fluctuations were obtained with spatial resolution down to about 10 cm. At mesospheric altitudes it is assumed that the motion of the electrons and ions is controlled by that of the neutral gas, owing to the high collisional frequency. The fluctuations in the profile can thus be used to derive the spectral scales of the turbulent motion [Thrane and Grandel, [1981] . Moreover, the electron density fluctuations should be directly related to the MST radar backscatter measurements, provided that the scattering arises solely from turbulent processes I-Balsley and Ga•te, 1980]. In situ probe measurements are capable of measuring the overall spatial spectrum of the turbulent structure, while the radar is only sensitive to scales of one-half the wavelength of the electromagnetic wave, i.e., about 3 m. The electron density results from rocket salvos 1 and 3 and the corresponding MST radar measurements are the subjects of this paper.
The rocket probes consisted of simple dc probes (Langmuir type) flown on Super Arcas meteorological type rockets from the Poker Flat Research Range in Alaska during mid-June of 1983. The rockets achieved altitudes of about 100 km along azimuths near the "north" beam of the MST radar, also located at Poker Flat. The relative electron density was measured by monitoring dc electron current to the isolated tip (4.4-cm. length) of the nose cone, which was held at a fixed q-3-V bias potential with respect to the rocket skin. The paint was removed from the rocket motors in order to provide a large area for the return positive ion current. The signals from the dc probe and a spin magnetometer were transmitted in a digital PCM format that used 16 bits per word and 16 words per frame, with a total rate of 8000 words s-•. Thus the dc probe provided very high resolution measurements of the electron current, which is presumed to be approximately proportional to the electron density. Since no absolute electron density measurements were made on these payloads, a conversion factor was' required to convert the magnitudes of the electron current to electron density values. A more recent Super Arcas rocket was flown that contained a dc probe identical to the STATE probes but additionally included an RF admittance probe for measurement of absolute electron densities. Since this rocket was geometrically and operationally identical to the STATE rockets and flew under similar conditions, i.e., at Poker Flat in the summer with similar solar zenith angle, we used these results to calibrate the STATE probes to obtain electron density values from the measured gions of most intense radar backscatter. It should be noted that the STATE 1 S/N peak in the radar data is about 37 dB near 88 km, whereas the STATE 3 S/N is much weaker and lower, reaching a peak of only 23 dB near 85 km. The STATE 3 results suggest that the region of radar backscatter corresponds to the altitude of steep gradients in the electron density caused by a deep "bite-out" in the electron density of almost an order of magnitude at 86 km. For STATE 1, however, the rapidly changing structure in the electron density and the corresponding sharp rise in the radar return power occur above the small depletion (about 10%) in the electron density profile near 88 km. Note that both electron density profiles are not typical of the normal D region. The STATE 3 profile is particularly atypical in that the vertical electron density gradient is almost zero from 77 to 84 km.
(The dashed lines in Figures 3a and 3b emphasize this).
A power spectral analysis of the probe data was performed following the method of Blackman and Tukey [1958] . Spatial power spectra of the relative electron density fluctuations were first calculated from 2048 data points, corresponding to a time series of about 0.25 s to a height resolution better than 150 m in the altitudes of prime interest. This time series allowed the data to be spectrally analyzed in a frequency range extending to over 4000 Hz (i.e., a spatial resolution corresponding to scale sizes of about 12 cm). This resolution is considerably finer than the 3-m structure to which the 50-MHz radar is sensitive. In addition, longer time series were analyzed, using 2048 data points over 0.5-, 1.0-, 2.0-, 4.0-, and 8.0-s intervals, to examine the spectra at the lower frequencies (longer scale sizes). During these measurements the rocket spin rate was near 22 revolutions s -• Under these conditions, even tipmounted probes suffer from some contamination at the spin frequency which is visible in the power spectra, if the data are treated as is usually done by constructing deviations from a running mean. Since the spin effects were so prominent in the data, an attempt was made to remove these as much as possible by detrending the data, using a 12-term polynomial fit to the data. Power spectral analysis was conducted on both rocket data sets, and these will be discussed individually in the following paragraphs and then compared both with the radar data and with each other.
STATE 1
Inspection of the STATE 1 electron density results and the radar data in Figure 3 In power spectral analysis it is sometimes useful to fit a power law to the spectrum to determine the spectral index n, To examine the spectral characteristics in more detail, the data from 115 to 123 s were analyzed over four 2-s intervals. The spectra in Figure 6 clearly change from forms characteristic of mesospheric turbulence (Figures 6a and 6b) , to the "white noise" power spectrum in Figure 6d , which is almost certainly due to plasma instabilities in the lower E region [Fejer and Kelley, 1980] . It is well known that such structures do not scatter 50-MHz radar signals transmitted at high elevations in the polar regions, since the plasma waves are such that k, B = 0, i.e., they produce highly anisotropic scattering with a maximum scattering cross section perpendicular to the Earth's magnetic field. The steep spectral index for higher frequencies is clearly shown in Figures 6a and 6b. In Figure 6a the power law spectral index of -1.6 from the results of Figure 5b has been superimposed on the spectrum. In the higher frequency range, a power law with index -7.0 is also shown. 
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Comparison of STATE 1 and STATE 3 Results
Although only a few days separated the two rocket flights, the relationship between the electron density profile and the radar scattering profile is quite different for the two measurements. In STATE 3 a broad depletion in electron density seemed to commence at about 75 km. Between 77 and 84 km, instead of the usual monotonic increasing profile, there was almost no vertical density gradient at all. At 85 km the density abruptly began to decrease, resulting in a net depletion of nearly an order of magnitude when compared with a more normal profile. The radar scattering region was exactly centered on this deep "bite-out" in the electron density. This depletion occurred within the broad temperature minimum (80-92 km), detected on June 15, 1983 (C. R. Philbrick, private communication, 1986). Johannessen and Krankowsky [1972] reported a very similar ionization profile (i.e., a sharp ledge near 85 km, a sharp minimum immediately below the ledge, and a depletion width of about 1 km) from a probe on a rocket launched to study the ion composition of the cold summer, northern-latitude mesopause. Although we cannot be entirely sure at this time, we speculate that this region of depeleted electron density is due to the attachment of electrons to hydrated molecules associated with polar mesospheric clouds. The resulting heavy negative ions would not be collected as efficiently by the Langmuir probe, whose response reflects the electron content of the gas.
The resulting sharp gradients in electron density then may be mixed by turbulent atmospheric motion in this mesopause region and may lead to the strong backscatter echoes. This contention is supported by the presentation in Figure 10 , where the electron density (Ne) profile is plotted again along with the high-resolution spectral information (ANe/Ne)2Ne 2. Turning now to a comparison of the spectral data in Figure  9 , both data sets show a change in spectral slope around 100 Hz. The difference in slope is much more pronounced in STATE 1 than in STATE 3. The STATE 1 data appear much more like a classical passive scalar mixed by turbulence, both in spectral form and by visual inspection, than do the STATE 3 data. As discussed in more detail by Kelley and Ulwick [this issue], this may be the consequence of a significant contribution to the STATE 3 spectrum by the very steep edges on the electron density profile. Such an edge tends to introduce a k-2 dependence in a power spectrum and could contribute to the steeper k spectrum at small k.
If the two (ANe/Ne) 2 spectra are overlaid and the power levels made to match at 100 Hz, the spectral shape is nearly identical for f> 100 Hz. This suggests that the process which leads to a steep spectrum, e.g., diffusive damping, is nearly identical for the turbulence-driven case (STATE 1) and edgesteepened plus turbulence-driven case (STATE 3).
Finally, at the frequency and wave number corresponding to 3-m waves, the STATE 3 (AN elNa) 2 power is roughly a factor 2 higher than the power detected during STATE 1. This at first glance seems to be a paradox, since the radar scattering is some 16 dB stronger for STATE 1. However, the radar scattering power is proportional to (AN•/Ne)Ne 2, not just (ANe/Ne) 2, and N• 2 is roughly 64 times greater in the STATE 1 case. The net predicted increase in radar power is thus roughly a factor of 32, which corresponds to 15 dB. This relative comparison is very encouraging. In the next section a detailed quantitative calculation of the expected scattering power is made.
Rocket and Radar Comparison
In order to examine the relationship between the electron density fluctuations and the MST radar signal-to-noise ratio, the pulsed-radar equation for volume-filled scattering presented by Balsley and Gage [1980] 
where n is the spectral index; k, 2.1 rad m -1, fv, the plasma frequency; f, the frequency of the probing wave; S,(k), the one-dimensional spectrum measured by the rocket (in meters per radian); and N e, the electron density (in cubic meters).
Equation ( 
